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(57) A maize plant has in its genome a non- 
mutable form of a mutant allele designated 
vitX-8132 . The allele is located a locus desig- 
nated as git which conditions kernels having an 
altered starch characteristic. Maize plant in- 
cluding such a mutant allele produce a starch 
that does not increase in viscosity on cooling, 
after heating. 
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Field of the Invention 

The present invention relates generally to genetic 
manipulations of maize plants and relates more par- 
ticularly to a specific mutant maize variety and starch 5 
produced from this mutant. 

Background of the Invention 

Maize kernels contain a commercially useful 10 
starch, which is a combination of amylopectins and 
amyloses. Amylose and amylopectin are both poly- 
mers of alphad-glucopyranose. The polymers differ 
only in t he kind of linkages between glucose residues. 
Amylose is a linear polymer that has alpha-(1 -4) links 
between adjacent glucose residues, and amylopectin 
is a branched polymer that contains some alpha-(1- 
6) links as well. The long amylose and amylopectin 
polymers store glucose in a semi-insoluble state. 
Glucose can be obtained by the plant cell by selective 
degradation of the polymers by specific enzymes. 

Maize starch has many food-related applications, 
such as corn syrups, maltodextrins. dextrins and high 
fructose corn syrup. Although natural maize starch is 
useful, much of the starch used commercially today is 
either chemically or enzymatically modified. The usu- 
al purpose of chemical and enzymatic modif ication of 
maize starch is to alter the viscosity, texture, heat sta- 
bility, freeze-thaw stability and other functional qual- 
ities of the starch. 

There is keen interest today in providing natural 
maize starches which have the same properties as 
chemically-modified or enzymatically-modif ied 
starches. Use of natural starches eliminates the need 
for further processing of maize starches. This proc- 
essing can be quite expensive. Additionally, consum- 
ers prefer "natural" food ingredients. 

Conventional maize breeding can produce maize 
with altered corn starch. It was recognized in the 
1920's that the "waxy" maize mutant produced al- 
tered starch, and maize derived from this mutant was 
commercially grown in the 1940's specifically for its 
starch content. Waxy maize produces starch that is 
nearly pure amylopectin. Maize varieties producing 
starch with a high amylose content were successfully 
developed in the 1950's. A great deal of emphasis 
from the 1950's through until the 1980's has been on 
improving the techniques for chemical and enzymatic 
modification of the maize starch. 

Identification of a number of mutant maize genes 
has been the focus of much of the work directed to- 
wards creating new varieties of maize for altered 
starch. Workers have concentrated on the wx (waxy) 
gene of waxy maize and the ae (amylose extender) 
gene of high amylose maize. Other genes of interest 
to maize breeders have been the du (dull), su1 ( sug- 
ary 1 ). su2 ( sugary 2 ), fl ( floury ), sh2 ( shranken 2 ), 
and h ( hard or horny ) genes. Combinations of these 



genes in maize have produced starches with a wide 
range of amylopectin-amyloses ratios, molecular 
weights and structural characteristics. 

Viscosity and viscosity stability are primary cri- 
teria for starch applications in food systems. Current- 
ly, there is only one available untreated starch with 
the ability to cool without increasing in viscosity. That 
instance is a double mutant of dull and waxy , which 
is limited in use because of its reduced productivity. 
A starch with this property could be used in certain 
food products that are heated (for example, baby 
foods) without the necessity of chemical modifica- 
tion. 



»5 Summary of the Invention 

The present invention is a maize plant containing 
a non-mutable form of a recessive gene conditioning 
for a vitreous kernel characteristic at a locus designat- 
20 ed gjtl . A mutant gene at that locus has been desig- 
nated glt1-1. Such a corn plant is capable of produc- 
ing a modified starch. The modified starch has the 
characteristic of not increasing in viscosity when the 
heated starch is cooled. 
25 The present invention is also a method of creating 
a maize plant capable of producing a starch with the 
characteristic of not increasing in viscosity when 
cooled. This method comprises crossing a first and a 
second plant, where both of the plants are homozy- 
30 gous for the glt1-1 gene. 

It is an object of the present invention to provide 
a maize plant containing the glt1-1 gene. 

It is another object of the present invention to pro- 
vide a maize plant capable of producing a modified 
35 starch. 

An advantage of the present invention is that the 
starch from this mutant maize plant does not increase 
in viscosity upon cooling. This characteristic is useful 
in certain food-preparation applications. 
40 Other objects, advantages, and features of the 

present invention will become apparent from the fol- 
lowing specification when taken in conjunction with 
the accompanying drawings. 

45 Description of the Figures 

Fig. 1 is a Brabender plot of the viscosity change 
upon heating and cooling of non-mutant maize starch. 
Fig. 2 is a Brabender plot of the viscosity change 
so upon heating and cooling of starch from maize con- 
taining the vitx-8132 gene, which is now being desig- 
nated gltl-L 

Description of the Preferred Embodiment 

The present invention is directed toward a maize 
plant comprising in its genome a non-mutable mutant 
defective allele at the newly identified glt1-1 locus, 
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and also toward starch derived from such a maize 
plant. An exemplary defective mutant allele at this lo- 
cus, here designated gltl-1 . has been identified and 
is made available for introduction into any desired line 
of maize plant. A maize plant containing the gltl-1 al- 5 
lele has been deposited as ATCC Accession No. 
75122- A maize plant of any desired genetic back- 
ground containing the glt1-1 gene may thus be creat- 
ed by repeated back-crossing a maize plant of the de- 
sired genetic background with a maize plant of the de- io 
posited line. Alternatively, an alternative mutant allele 
for the trait may be created by a maize breeding pro- 
gram as disclosed below. 

The gltl locus of the glt1-1 gene is located on the 
short arm of chromosome 4, as shown by crosses is 
with a series of B-A translocations. As indicated by 
the laboratory symbol, gltl , the mutant allele is reces- 
sive. 

The phenotype by which the gltl^ allele is easily 
identified in segregating progenies is the deep dim- 20 
pling of the crown and a vitreous appearance of the 
kernel. Vitreousness is apparent in the deposited 
seed sample, but is not always retained in other ge- 
netic backgrounds. The homozygous mutant seeds 
( glt1-1 / glt1-1 ) are readily visually identifiable by the 25 
deep dimpling and. in addition, weigh on the average 
only 81% as much as non-mutant seed. The kernels 
in the deposited seed sample also have a pronounced 
orange color. In outcrosses to other lines followed by 
recovery of mutant kernels, the dimpled phenotype 30 
and orange color are sometimes separated, suggest- 
ing that the orange color may be attributable to a 
linked gene. 

The glt1-1 mutant gene can be easily transferred 
to other genetic backgrounds or inbreeds by succes- 35 
sive crosses to a recurrent parent of any desired ge- 
netic background. The plants in the backcross proge- 
nies which are heterozygous for the mutant gene can 
be identified by self-pollinating the plants and ascer- 
taining which plants are segregating for the dimpled *o 
seed phenotype. After the requisite number of back- 
crosses to the recurrent parent, the mutant seeds 
segregating in the heterozygous parents are to be 
saved. These seeds constitute a gin version of the 
genetic background of the recurrent parent. It would 45 
be prudent to check the type of starch being produced 
by the partially converted gin lines at several points 
during the backcrossing process to insure that there 
is not an unfavorable interaction between the gltl^ mu- 
tant and the genetic background into which it is being so 
crossed that would alter the type of starch that gltl^ 
conditions in its present background. 

We have deposited maize seed containing the 
gltl-1 mutation. These seeds were deposited with 
American-type culture collection. Rockville, Mary- 55 
land, on October 9. 1991, as Accession No. 75122. 
These seeds were obtained from a breeding program 
described below, and exhibit the characteristic gin 



phenotype of a dimpled crown, 
vitreousness and a pronounced orange color. 

Starch from other crosses containing the gltl 
gene may exhibit some variation from the starch dis- 
closed in the example below. 

The particular usefulness of the starch produced 
from a glt/glt maize plant has to do with its viscosity 
in relation to temperature change. A standard test 
used to measure these viscosity characteristics is 
known as the Brabender test. The Brabender test is 
performed using an instrument known as an amylo- 
graph. a model of which is made by the C.W. Braben- 
der Instrument Co. The test, and the instrument, are 
described in The Amylograph Handbook , Schuey & 
Tipples. Ed.. (1982) from the American Association of 
Cereal Chemists. St. Paul. Minn. In brief, in the testa 
sample of cereal starch is heated in the presence of 
water to determine when the hydration and swelling 
of starch particles begins, due to breakdown of hydro- 
gen bonds. This swelling, referred to as gelatiniza- 
tion. is accompanied by a measurable increase in vis- 
cosity of the starch paste. While prolonged heating 
following gelatinization would break down the partic- 
les, leading to a decrease in viscosity, if the temper- 
ature of the paste is decreased shortly after gelatini- 
zation. the cooling starch paste will typically increase 
again in viscosity as the particles begin to associate. 
The output of the Brabender test is a curve of viscos- 
ity over time, taken while temperature is first in- 
creased over the gelatinization temperature (typically 
to about 90-95°C) and then decreased. The Braben- 
der curve is typically analyzed to determine gelatini- 
zation temperature, maximum viscosity on cooking, 
viscosity increase on cooling, and maximum cold vis- 
cosity. These data points are characteristic of the 
quality of the starch. For typical corn starches, the 
gelatinization temperature is in the range of 62-72°C, 
and the starches sharply increase in viscosity upon 
cooling. Thus to test for increase, or lack of increase, 
in viscosity upon cooling, the starch paste must first 
be heated over the range of about 62-72°C. and then 
cooled. 

The corn starch from maize which was homozy- 
gous glt/glt behaves anomalously in the Brabender 
test. Like normal corn starch, starch from these plants 
does increase in viscosity when heated, but unlike 
normal corn starch, it does not again increase in vis- 
cosity when cooled. This makes corn starch with this 
unusual characteristic advantageous for certain food 
applications, such as baby food, where high viscosity 
is not desired. While corn starch from normal corn 
plants can be chemically modified to behave in this 
fashion, no other single mutant maize mutants have 
been reported to yield starch having this characteris- 

As discussed further below, there are indications 
that the gltl^ mutant genotype conditions for a defec- 
tive bifunctional glucosidase-transferase enzyme. 
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The developing mutant endosperms have been found 
to have very low activity, less than 10% of wild type, 
of a bifunctional enzyme that is capable both of cleav- 
ing alpha-1,6-glucose linkages, as demonstrated by 
its ability to attack pullulan with a release of malto- s 
triose. and of transferring oligosaccharides from a 
C '"-labelled donor to an unlabelled acceptor, or vice 
versa . 

The hypothesis that the gene at the gjri_ locus en- 
codes for a bifunctional enzyme partially responsible 10 
for starch synthesis has been supported by the re- 
search results to date. Extracts of mutant endosperm 
have a much diminished capacity to produce reducing 
sugars from the fungal polysaccharide, pullulan, com- 
pared to non-mutant endosperm. Analysis of products is 
of pullalan metabolism by the non-mutant enzymatic 
action reveal that primarily a-1.6 linkages are at- 
tacked. 

The enzymatic activity varied directly in propor- 
tion to the number of non-mutant genes present. Het- 20 
erozygous endosperm fractions yield enzymatic ac- 
tivity intermediate between homozygous mutant and 
homozygous non-mutant endosperm extracts. The 
relationship appears linear. 

The transferase activity was demonstrated by the 25 
ability of the enzyme to transfer from phytoglycogen 
to [ ,4 C] maltose and to incorporate [ U C] glucose into 
p-limit dextran or amylose. The transferase activity 
co-purified with the glucosidase activity through all 
purifications performed. 30 

The molecular weight of the glucosidase-trans- 
ferase enzyme has been estimated at 89.000 dalton 
by elution from a Sephadex G/50 columns in conjunc- 
tion with molecular weight standards. 

If the gene does indeed express a mutant defec- 35 
tive enzyme, this suggests strongly that other similar 
mutant defective alleles at the same glt1_ locus can 
also be created by mutagenesis and screening of 
maize stocks. By exposing maize kernels to random 
mutagenic agents, such as EMS or radiation, num- 40 
bers of randomly mutant offspring can be created. By 
screening such mutant progeny for the phenotype of 
the dimple appearance, and by crossing the pre- 
sumed mutant to a glt/glt line to test as to whether the 
newly created mutant will complement the authentic 45 
mutant, the nature of the new allele can be verified. 
Such new mutant alleles would have the benefit of 
likely having virtually no mutability, since the occa- 
sional mutability remaining in the present glt1-1 allele 
appears to result from its origin as an insertion of a so 
transposable element. Such techniques of mutagen- 
esis and screening are well known to those of ordi- 
nary skill in the art Accordingly the means and the 
motivation exist to create other stable mutant alleles 
at the gltl locus which would condition a similar starch 55 
phenotype to the gltl -1 gene described here. 



EXAMPLES 

The mutant maize plants experimentally desig- 
nated gltl/gin were created through a series of 
breeding steps described below. The aim was to cre- 
ate a mutant maize capable of producing an altered 
starch which would retain the g_M . mutant character- 
istic but which would lack somatic "mutability." By so- 
matic mutability, it is meant the characteristic of re- 
verting back to a non-mutated form. Evidence of mut- 
ability is the occurrence of kernels that lack, at least 
in part, the mutant phenotype. Evidence of somatic 
mutability can occur within an individual kernel, which 
may have sectors that have reverted. When a plant 
lacks mutability, it is meant that the vast majority of 
kernels have not reverted. A mutant maize lacking 
mutability is advantageous because the maize crop 
production would be uniform from generation to gen- 
eration. 

Year 1 : An ear of corn was received with both mu- 
tant and non-mutant kernels. The mutant kernels 
were distinguishable because they were deeply dim- 
pled on the top surface. The mutation was investigat- 
ed solely based on its unique and interesting pheno- 
type. 

The mutant kernels were planted in Row 25682. 
The resulting plants were self-pollinated and two ears 
were produced. The kernels on both ears showed evi- 
dence of somatic mutability, the evidence being the 
presence of sectors of apparently non-mutant tissue. 
Testcrosses of these plants onto maize plants with 
mutations at amylose extender , dull , and sugary-2 
loci showed that this mutant was not allelic to any of 
t hese mutants, which were the most likely candidates 
for known loci of mutant alleles which might condition 
this mutant phenotype. 

Year 2: Kernels from 25682-2[X] that did not 
show evidence of mutability were planted in Row 
27228. These plants were self-pollinated, and four 
ears were obtained All kernels on the four ears 
showed mutable sectors. 

Tests were made to determine where on the 
maize chromosomes the mutant gene was located. To 
that end. kernels from 25682-2[X] were planted in 
rows 27558-27561, and the plants crossed by a ser- 
ies of B-A translocations. The results (mutant kernels 
appearing in the cross by +/TB-4Sa) showed that the 
mutant gene is located on the short arm of chromo- 
some 4. 

Year 3: Because sugary- 1 locus is also located 
on the short arm of chromosome 4, it was decided to 
test whether or not the mutant was identical to the 
sungary-1 mutation. Kernels from 27228- 1[X] were 
planted in Row 29239. Testcrosses by a sugary- 1 tes- 
ter (a maize plant with a mutation at the sugary- 1 lo- 
cus) showed that the mutant is not a sugary- 1 allele. 
Three selfed ears were obtained. The phenotype of 
the kernels of these ears were phenotypically like 
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some sugary-2 lines, but somatic mutability was ap- 
parent on most kernels. There were no obvious ger- 
minal mutations. 

Year 4: The seeds from the Year 3 crop 
(29239[X]) were designated vitX-8132 . These seeds 5 
were planted in Row 35358 and crossed by Row 
35353. which was W22Nr : g, a derivative of the com- 
mon inbred line W22N. W22Nr-g maize was used as 
an inbred background into which the mutant could be 
crossed to observe the mutation in a standard back- w 
ground for convenient comparison to other mutants in 
the same background. 

Four self-pollinations were also performed. On all 
resulting ears, there were kernels with mutable sec- 
tors, but also kernels with no overt somatic mutability. 1$ 

Year 5: The F1 seed from the cross of the previ- 
ous year ( vitX-8132/ W22Nr-g) was planted in Row 
37312. The F1 plants were self-pollinated. Three of 
the selfed ears had no or limited evidence of mutabil- 
ity. However, on one ear saved. 3731 2- 1[X], there 20 
was at least one kernel showing somatic mutability. 
Another ear (37312-2[X]) showed clear evidence of 
mutability. Kernels without apparent mutable sectors 
from 35358-1[X] were planted in Row 37313. The re- 
sulting plants were self-pollinated. From the self- 25 
pollinated plants, six ears had kernels showing non- 
mutant sectors. One small ear did not have any ker- 
nel with apparent non-mutant sectors. Kernels with 
clear mutability from the same ear. 35358-1[X], were 
planted in Row 37314. The nine ears from the selfs 30 
from this row all had some kernels with non-mutant 
sectors. 

Year 6: The vitX-8132 kernels from 3731 2-1 [X] 
were planted in Homestead. Florida in Row F8830 for 
a winter crop. On four of the ears from the resulting 35 
selfs. there were kernels with discernible somatic 
mutability. One self (F8830-1[XJ) did not have any 
kernels with apparent mutable sectors. 

Kernels from F8830-1[X]. now designated as 
vitX-8132 (W22N'). were planted in Row 39057. After 40 
self-pollination, eight ears were obtained. There was 
no indication of mutability on these ears. Kernels from 
37312-1[X], which were noted as having no non-mu- 
tant sectors, were planted in Row 39324. Self- 
pollination occurred and two resultant ears both had ->5 
some kernels displaying somatic mutability. 

There was also a cross by Row 39020 (W22N r- 

a)- 

Year 7: The vitX-8132 (W22N') kernels from 
39057[X] were planted in Row 41214. The plants so 
were selfed and testcrosses made for each to ascer- 
tain whether any plant had an active Activator ( Ac ) or 
Suppressor-mutator ( Spm ) transposable element. All 
tests for these transposable elements were negative. 
These tests indicated that although the observed mu- 55 
tant gene seemed mutable, suggesting a transposon. 
the transposon was neither Ac nor Spm . 

The seed from the cross of 39324 by 39020 ( vitX- 



8132 (W22N')/W22N] was planted in Row 41286. Of 
the seven ears resulting from self-pollination, three 
had kernels with mutable sectors, and four did not. 
The mutant kernels resulting from these selfs were 
now designated as vitX-8132 (W22N J ). 

Year 8: The mutant kernels from 41286[X] were 
planted in Row 43454. and the plants were selfed. 

Starch Analysis 

Starch was analyzed from yitX-8132 (W22N 1 ) 
seed grown in row 39057 in Year 8. The results of 
these tests are reported in Figs. 1 and 2. Starch was 
also tested from seed from 41214[X] and the results 
confirmed the earlier tests. (The row 41214[X] was 
planted with seed from 39057[X].) 

The Brabender tests were performed as descri- 
bed in the Amylograph Handbook , supra . 

Figs. 1 and 2 represent the result of a Brabender 
test. The Brabender test examines the rise in viscos- 
ity of the starch upon heating and the further change 
in viscosity upon subsequent cooling. Starch from 
these mutant maize plants behaved differently than 
standard starch in that no increase in viscosity was 
observed upon cooling, as can be determined by 
comparing Fig. 1 (control) with Fig. 2 ( glt1-1 / glt1-1 ). 
Note in the curve of Fig. 2 that there is no second rise 
in the curve. This represents a lack of increase in vis- 
cosity upon cooling. 

Enzymatic Analysis 

Following analysis of the enzymatic activity of 
non-mutant endosperm as compared to endosperm 
containing the mutant allele originally designated 
vitX-8132 . it was determined that the allele was as- 
sociated with deficiencies the glucosidase and trans- 
ferase activities. Hence the locus was designated gTM 
and the recessive mutant defective allele was desig- 
nated glt1-1 . 

Considerable information concerning the enzy- 
matic lesion in glt1-1 has been developed. A Afunc- 
tional enzyme that cleaves both alpha- 1.6-glucose 
and alpha-1.4-glucose bonds and has the additional 
capability of transferring the maltose or maltotriose 
units released to acceptor oligosaccharides or poly- 
saccharides is markedly reduced in mutant maize en- 
dosperms and increases in a linear fashion with in- 
creasing numbers of non-mutant alleles in the endo- 
sperm. The enzyme appears similar to the glycogen 
debranching enzyme from rabbit muscle investigated 
by the Browns in the 1960s, but the presumption was 
that the enzyme was concerned only with the hy- 
drolysis of glycogen. 
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Claims 

1 . A maize plant comprising in its genome a non-mu- 
table form of the gltl-1 mutant allele. 

5 

2. A maize plant comprising in its genome a mutant 
recessive allele at the git locus which conditions 
for a maize kernel, the starch from which plant 
does not increase in viscosity upon cooling, after 
being heated over 72°C. 10 

3. A method for producing a maize plant capable of 
producing a starch that does not increase in vis- 
cosity upon cooling after being heated, the meth- 
od comprising crossing first and second maize 15 
plants, where at least one of the maize plants 
contains the gltl-1 mutant allele. 

4. The method of claim 3 wherein at least one of the 

first and second maize plants is grown from ATCC 20 
No. 75122 seed. 

5. The method of claim 3 wherein at least one of the 
first and second maize plants is derived from a 
plant grown from ATCC No. 751 22 and retains the 25 
gltl-1 gene. 

6. A plant produced by the method according to any 
one of claims 3 to 5. 

30 

7. Seed of the plant of any one of claims 1, 2 or 6. 

8. Corn starch obtained from a plant according to 
any one of claims 1 , 2 or 6 or from seeds accord- 
ing to claim 7 wherein the starch has the charac- 35 
teristic of not increasing in viscosity upon cooling 
after the starch has been heated above 72°C. 

9. Corn starch obtainable from a plant according to 

any one of claims 1 , 2 or 6 or from seeds accord- 40 
ing to claim 7 wherein the starch has the charac- 
teristic of not increasing in viscosity upon cooling 
after the starch has been heated above 72°C. 

10. A method of producing corn starch which has the 45 
characteristic of not increasing in viscosity upon 
cooling after the starch has been heated above 
72°C. which comprises extracting starch from a 
plant according to any one of claims 1, 2 or 6 or 
from seeds according to claim 7. so 

11. A method according to claim 10 which further 
comprises recovering the starch in a form suit- 
able for incorporation into food products. 

55 
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